Ethionine, an analogue of methionine, has been used as an antimetabolite in animals and plants. It inhibits the induction of flowering in Xanthium (5) and Lemna (20) and auxin-stimulated cell elongation in the Avena coleoptile (14) . Synthesis of enzymes such as a-amylase in barley (21), invertase in yeast (6), and phenylalanine ammonia lyase in potato disks (23) are also inhibited by ethionine. To our knowledge, all processes which are inhibited by ethionine are reversed by the addition of methionine to the plant.
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The development of invertase in the sugar beet disk was studied according to the methods used by Cherry (3) . The aeration of disks was carried out in sterile 50-mm plastic Petri dishes containing 1 ml of 0.01 M phosphate buffer, pH 6.5, 10-4 M penicillin, and 10-4 M streptomycin. The incubation medium was changed every 8 to 10 hr. For incorporation of labeled precursors into RNA, 10 g of sugar beet disks were incubated for 6 hr in sterile aeration buffer containing the amount of labeled precursors indicated in the results. Adenosine and guanosine, 10-4 M, were added to the incubation medium to suppress methyl group incorporation from L-(methyl-3H)-methionine into the purine ring. Total nucleic acids were extracted from the tissue by the phenoldupanol method of Cherry et al. (4) and fractionated on a Sephadex G-100 column (105 cm X 1.0 cm) by the method of Galibert et al. (10) .
A leucyl-tRNA synthetase preparation was extracted from sugar beet by grinding 100 g of tissue in liquid nitrogen with subsequent suspension of the powdered material in 100 ml of a solution containing 0.1 M tris-HCl, pH I). Incubation in ethionine (0.025 M), for the first 6 hr only, inhibited invertase by 71% relative to a 24 hr-washed control. If ethionine was present for the entire 24-hr wash, invertase was inhibited by 78%. These data are simnilar to the results of Cherry (3) with actinomycin D and suggest that ethionine affects some early stages of invertase development.
The observed inhibition of invertase by ethionine may be due to the substitution of ethionine for methionine during invertase synthesis, resulting in altered biological activity or reduced rate of synthesis, or both. Yoshida and Yamosaki (22) reported that one-third of the methionine in a-amylase from Bacillus subtilis was substituted by ethionine without alteration of the physiochemical and biological properties of the isolated enzyme. During aeration of sugar beet disks, the presence of methionine in the incubation medium reversed the inhibition of invertase by ethionine (Fig. 2) .
Ethionine inhibition of invertase in sugar beet disks might also be caused by interference with the metabolic energy supply. Schull et al. (17) demonstrated that ethionine caused a decrease in liver ATP after its injection into rats. In addition, ethionine inhibition of cellular elongation in Avena coleoptiles can be reversed by ATP (13) . However, ethionine inhibition of invertase in sugar beet disks was not reversed by the addition of 0.01 M ATP or adenine to the tissue during aeration (data not given). Calculations show that 1 g of sugar beet tissue for a 6-hr period would produce 0.5 mmole of ATP, (this tissue consumes 300 /A1102/hr -g; see Reference 7). In the experiments designed to show an ATP reversal of ethionine action, we used 10 mm ATP (0.01 mmole/1 ml of incubation medium). Assuming that only 1% of the ATP is taken up by the tissue and ethionine completely blocks ATP generation, the concentration of ATP required to reverse the ethionine action would be an impossible concentration of 50 M. Therefore, if ethionine drastically inhibits ATP production, it appears that reversal of the effect is not possible by incubating the tissue in an ATP solution.
S-Adenosylmethionine has been shown to serve as the methyl donor in methylation of certain nucleotides in ribonucleic acids at the polynucleotide level (9, 18) . S-Adenosylethionine formation from ethionine has been detected in yeast (12) and rat liver (19) and was found to inhibit the tRNA transmethylases from rat liver and Escherichia coli (11) . The data represented in Figure 3 indicate that ethionine clearly inhibits methyl group incorporation from methionine into ribonucleic acid in sugar beet during the first 6 hr of washing. Soluble RNA was more heavily methyllabeled than ribosomal RNA, based on methyl incorporation per A260 unit.
Nucleic acids from each of the three samples of tissue (see Fig. 3 ) contained 87% high molecular weight RNA and 13 % soluble RNA (Table H) . Approximately 26% of the 3H-methyl incorporation by control tissue was into soluble RNA. Ethionine inhibited 3H-methyl incorporation into nucleic acids by more than 95%. Of the small amount of label incorporated by the ethionine- Figure 3 and from other experiments, the total A260 units, total cpm of 3H-methyl groups and total cpm of 32P incorporation of the peak fractions (tubes 5-8 for heavy RNA and tubes 12-16 for soluble RNA) were calculated. See Figure 3 for details of tissue incubation and 3H-methionine labeling. Other samples of tissue were incubated in a similar manner except that 0.5 mc Of 32p as carrier-free Na2HPO4 was included instead of 3H-methionine. The labeled nucleic acids were fractionated on a Sephadex G-100 column. 
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Other experiments, in progress, from this laboratory using L-methyl-14C-methionine gave the same results as that reported here for L-methyl-'H-methionine.
In considering the incomplete reversal by methionine of the ethionine-inhibited methylation, it is likely that the tissue exposed to methionine contained a higher internal concentration of methionine than the control tissue. Thus, the two tissues, when incubated with 3H-methionine, would effectively have two different specific activities, but the internal specific activity of methionine was not measured. The lack of complete reversal might therefore be explained by the possible differences in internal specific activities of the 3H-methionine.
The data in Figure 4 demonstrate that the level of leucine tRNA acceptor activity increased to 212% of control tissue during the first 6 hr of washing. However, soluble RNA extracted from tissue incubated with ethionine (0.025 M) for 6 hr had a leucine tRNA acceptor activity that was only 121% of control tissue. Thus it appears that leucine charging of tRNA is correlated with methylation of tRNA in vivo. This is analogous to the results of Shugart et al. (16) , who correlated aminoacylation of bacterial tRNA and the degree of tRNA methylation.
In this paper, we have shown that ethionine inhibits the development of invertase, methylation of RNA, and leucine charging of tRNA in sugar beet root tissue. However, the effect of ethionine on these three biochemical parameters may be only coincidentally related. The possibility that ethionine causally affects invertase development by inhibiting methylation of RNA remains unresolved.
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